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EFFECT OF EXTERNAL TANK NOSE SHAPE ON THE 


ROCKWELL INTERNATIONAL SPACE SHUTTLE VEHICLE 3, 

(INTEGRATED CONFIGURATION) 

(IA37B) 

By 

E. C. Allen, Rockwell International 
ABSTRACT 

Tests of several tank nose shapes have been conducted as a part of 
the Investigation of configuration changes to reduce drag for the inte- 
grated vehicle. The primary objective of this test was to investigate 
the effect on the integrated vehicle aerodynamic characteristics of 
several tank nose shapes. The tank nose shapes investigated were the 
600 inch (baseline) and 1204 inch radius ogives, and the 600 inch ogive 
plus a spike 360 inches long and 12.0 inches in diameter. Data were ob- 
tained over a Mach number range of 0.6 through 4.96 and for angles-of- 
attack and sideslip from -10 through +10 degrees. The model used for 
this test was the 0.004-scale integrated vehicle model number 34-OTS. 
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NCMENCIATURE 

General 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

a 


speed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; (pp - pco)/q 

M 

MACH 

Mach number; v/a 

P 


pressure; N/m^, psf 

q. 

Q(NSM) 

Q(PSF) 

dynamic pressure; l/2pV^, N/m^, psf 

em/l 

rh/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

P 

BETA 

angle of sideslip, degrees 


PSI 

angle of yaw, degrees 

4> 

PHI 

angle of roll, degrees 

P 


mass density; kg/m^, slugs/ft^ 



Reference 8c C.G. Definitions 

Ab , 


base area; m2, ft2 

b 

BREF 

wing span or reference span; m, ft 

c.g. 


center of gravity 

^REF 

c 

LREF 

reference length or wing mean 
aerodynamic chord; m, ft 

S 

SREF 

p 

wing area or reference area; mr , ft* 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


2MRP 

moment reference point on Z axis 


SUBSCRIPTS 

b 

1 

s 

t 

O) 


base 

local 

static conditions 
total conditions 
free stream 
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WOMENCLATUEE 
( Continued ) 


Body-Axis System 



SADSAC 


SYMBOL 

SYMBOL 

DEFINITION 

Pn 

CK 

normal-force coefficient; normal force 


qs 

Ca 

CA 

axial-force coefficient; ^xial force 


qS 

cy 

CY 

side-force coefficient; side force 


qS 

CAb 

CAB 

base-force coefficient; base force 

qS 

-At)(Pb - p®)/qs 

% 

CAP 

forebody axial force coefficient; C^ - C;^^ 


cm 

pitching-moment coefficient; pitching moment 


qS%EF 


CYN 

yawing-moment coefficient; 

qSb 


CBL 

rolling-moment coefficient; rolling moment 

qSb 
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NOMENCLATURE (Continued) 



PLOT 

ADDITIONS TO STANDARD LIST 

SYMBOL 

SYMBOL 

DEFINITION 

^Nbo 

CNBO 

normal force coefficient component of orbiter 
base drag 


CABO 

orbiter base axial force coefficient 

^ABs 

CABS 

solid rocket booster base axial force coefficient 

CAbt 

CABT 

external tank base axial force coefficient 

^AF(a=o) 

CAFAFO 

forebody axial force coefficient at zero degrees 
angle of attack 

^ABO(a=o) 

CABOAO 

orbiter base axial force coefficient at zero de- 
grees angle of attack 

*^ABS(a=o) 

CABSAO 

solid rocket booster base axial force coefficient 
at zero degrees angle of attack 

^ABT(a=o) 

CABTAO 

external tank base axial force coefficient at 
zero degrees angle of attack 

‘^m(^=o) 

CLMAFO 

pitching moment coefficient at zero degrees angle 
of attack 

Cn(0‘=o) 

CNAFO 

normal force coefficient at zero degrees angle of 
attack 

Xac 

XAC 

longitudinal location of aerodynamic center with 
respect to reference c.g. Xac = - (dC^i/d i) / (dCN/'d-O 
positive X when a.c. aft of c.g. 

Yac 

YAC 

longitudinal location of aerodynamic center with 
respect to reference c.g. Yac = - (dCj,/di5) / (dCy/dB) 
positive X when a.c. aft of c.g. 


CNALFA 

derivative of normal force coefficient with respec 
to alpha, per degree 

Cma 

CLMALF 

derivative of pitching moment coefficient with 
respect to alpha, per degree 
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NOMENCLATURE (Concluded) 


ADDITIONS TO STANDARD LIST 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

""Yb 

CYBETA 

derivative of side force coefficient with respect 
to beta, per degree 


CYNBET 

derivative of yawing moment coefficient with 
respect to beta, per degree, body axis system 


CBLBET 

derivative of rolling moment coefficient with 
respect to beta, per degree, body axis system 


ORB INC 

angle between the orbiter water plane 400 line 
and the external tank centerline, degrees 

^0 

DELTAZ 

minimum vertical separation distance between the 
orbiter and external tank, inches 

P^Oavg 


orbiter average base pressure 

PBt 

^avg 


external tank average base pressure 



solid rocket booster base pressure 
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CONFIGURATIONS INVESTIGATED 


For the integrated vehicle tested, the external tank was mounted on 
the 232 balance which was supported by the number 3 balance adapter and 
Sting. The orbiter was mounted to the tank at three points simulating tn 
forward attach point and the two main fuel lines at the rear attach poin; 
The SRB's were also rigidly attached to the tank. (See figure 2.) 

Base pressures were monitored at the six locations shown in figure 3 
Since only three data channels were available for pressure measurements, 
the three tubes monitoring the orbiter were "teed" together, as were the 
two tubes at the base of the external tank. Thus, three base pressures 
were recorded; an averaged pressure for the orbiter, an averaged pressure 
for the external tank, and the base pressure of one SRB. 

The orbiter model Vehicle 3 configuration consists of the following 
components : 


B19 

Body 

C7 

Canopy 

F5 

Body Flap 

M4 

QMS Pods 

W107 

Wing 

E23 

Eleven 

V7 

Vertical Tail 

R5 

Rudder 


The external tank and solid rocket motors were not broken into sub- 
assemblies and carried the following designations; 
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T9 External tank with 600 inch radius ogive nose 

Til External tank with 1204 inch radius ogive nose 

T15 External tank with 600 inch radius ogive nose plus 

a spike 360 inches long and 12 inches in diameter 

S12 Solid Rocket Motor 

Pertinent dimensions for all the model components are given in Table 

III. 

The speed brake and rudder deflections were zero degrees for both tests. 
The tunnel conditions existing during the test are delineated in 
Table I. Table II summarizes the model configurations tested and identifies 
the run number grouping for data set formation. 


TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is 
an intermittent blowdown tunnel which operates by high pressure air flow- 
ing from storage to either vacuum or atmospheric conditions. A Mach num- 
ber range from .2 to 5.85 is covered by utilizing two interchangeable test 
sections. The transonic’ section permits testing at Mach 2.74 through 5.85. 
Mach numbers between .2 and .9 are obtained by using a controllable dif- 
fuser. The range from .95 to 1.3 is achieved through the use of plenum 
suction and perforated walls. Mach numbers of 1.44, 1.93 and 2.50 are 


produced by interchangeable sets of fixed contour nozzle blocks. Above 
Mach 2.50 a set of fixed contour nozzle blocks are tilted and translated 
automatically to produce any desired Mach number in .25 increments. 
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Air is supplied to a 6000 cubic foot storage tank at approximately 
-40°F dewpoint and 500 psi. The compressor is a three-stage reciprocat iu 
unit driven by a 1500 hp motor. 

The tunnel flow is established and controlled with a servo actuated 
gate valve. The controlled air flows through the valve diffuser into the, 
stilling chamber and heat exchanger where the air temperature can be con- 
trolled from ambient to approximately 180°F. The air then passes through 
the test section which contains the nozzle blocks and test region. 

Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20° (+10°). Sting 
offsets are available for obtaining various maximum angles of attack up t 
90°. 


DATA REDUCTION 

All model forces and moments were resolved in the body axis system 
and presented in the form of nondimensional coefficients. The following 
reference dimensions were used in the reduction of the coefficients. 


PARAMETER 

Reference Area (Sj-gf) 

Reference Length (l^ef = 1^ref^ 

Moment Reference Center, from 
tank nose on tank Cl 


FULL SCALE 
2690 ft. 2 
1290 in. 

680 in. 


MODEL SCALE 
6.198 in. 2 
5.160 in. 

2.720 in. 
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PARAMETER 

FULL SCALE 

MODEL 

SCALE 

Base Areas 




Orbiter 

427.8 ft. 2 

.9857 

9 

in. “ 

Tank 

572.55 ft. 2 

1.319 

in. 2 

SRB (2) 

402.12 ft. 2 

.9265 

in. 2 


Base pressures were measured on all three vehicle components (orbiter, 
external tank, and solid rocket booster) and were utilized to correct the 
balance-measured axial force to an axial force that assumed freestream 
static pressure acting on the respective base areas. Due to a slanted base 
the normal force was also corrected. The appropriate equations and base 
areas are: 


where : 


where 


CAF = CA - CABO - GABT - CABS 
CN = CNU - CNBO 


CAF = forebody axial force coefficient 

CA = balance measured axial force coefficient 

CABO = -Cpg^ (^Bq/^REF^ 

CABT = -Cpg^ 

CABS = -Cpgg(Agg/SREF) 

CNU = balance measured normal force coefficient 
CNBO = “Cpg^ (Asq/Sref) sin is 



= orbiter average base pressure coefficient 
^^PBOavg ■ 
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= external tank average base pressure coefficient 

[(pB^ - P^)/(q)] 

avg 




= solid rocket booster pressure coefficient 

[(PBg - p«>)/(q)] 


Abq “ orbiter base area = 0.9857 in.^ 


Ag,p = external tank base area = 1.319 in.^ 

Abs ~ solid rocket booster base area (2) = 0.9265 in. 2 
ig = orbiter base slant angle = 12° 

Data were corrected for weight tares and sting deflections. 


12 


TABLE I 


TEST; IA37B (TWT-585) 


DATE : 10/5/73 


TEST CONDITIONS 


MACH 

REYNOLDS 

DYNAMIC 

S TAGNATION 

STAGNATION 

NUMBER 

NUMBER 

PRESSUR E 

TEMPERATURE 

PRESSURE 


(per ft.) 

(pounds/ sq . Inch) 

(degrees Fonrerhelt ) 

( pounds /sq inch ) 


5.0 X 106 


5.9 



4.35 

100 

1 

22 ' 

6.47 

100 

22 

7.37 

100 

22 

8.73 

100 

22 

9.47 

100 

22 

10.24 

100 

28 

i 3.07 

140 

90 



BALANCE UTILIZED: 


MSFC 232 
CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


NF 

300 

lbs. 

+ 1.50 

lbs. 

±0.024 

SF 

143 

lbs . 

±0.72 

. lbs . 

±0.012 

AF 

50 

lbs . 

±0.25 

lbs . 

±0.004 

PM 

400 

in. -lbs. 

±2.00 

in.- 

lbs .±0.006 

RM 

100 

in. -lbs. 

±0.50 

in . - 

lbs .±0.002 

YM 

192 

in. -lbs. 

±0.96 

in . - 

lbs. ±0.003 


COMMENTS: Accuracy based on ±0.5% of balance capacity, 


MSFC* Form tO-l (Rev. April 1»71) 
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TABLE III. MODEL DIMENSIONAL DATA SHEETS 

MODEL COMPONENT: BODY B19 


GENERAL DESCRIPTION: Fusel acre, 3 conf icuration , Liahtv.-eiqht 

I ,■ ■ ■ 1 . , -■■-I . 

Orbiter per VL70-000139B 


NOTE; 

Identical to B17 except forebcdv 

Model 

Scale = 0.004 


DRAWING NUMBER 


VL70-000139B 


DIMENSION: 


FULL SCALE MODEL SCALE 


Length />. INi 
Mox Width IN, 

Mox Depth ~ IN . 
Fineness Rotio 
Areo ^ Ft^ 

Mox Cross-Sectional 

Plonform 

Wetted 

Bose 


1290.3 5,16120 

267,6 1.07040 


244.5 0.9780 

4.82175 4.82175 


386.67 0.00619 
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TABLE III. (Continued) 


MODEL COMPONENT: Canopy - C7 

GENERAL DESCRIP'IOhJ: Configuration 3 per Rockwell Lines 

vr^TOrnnJing 

Model Scale = .004 

DRAWING NUMBER VL70-000139 

DIMENSION : FULL SCALE MODEL SCALE 

Length (x^ = 433 to x = 670) in.FS 237 0.94B0 

o o 

Max V/Idth 

MoxDepfh(E^ = to = 501) in._FS 

Fineneis Rotio 
Areo 

Mox Cross-Sectional 

Planfortn 

Wetted 

Bose 
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TABLE III. (Continued) 


MODEL COMPONENT: F5 Body Flap 

GENERAL DESCRIPTION: 3 configuration per Rockwell lines 

VL70-000139 


Scale Model = 0.0.04 



DRAWING NUMBER 

VL70-000139 


DIMENSION: 

FULL SCALE 

MODEL SCALE 

Length «>- IN. 

84.70 

0.33880 

Max Width IN. 

Max Depth 
Fineness Ratio 
Area ^ Ft^ 

Max Cross-Sectional 

267.6 

1.07040 

Plonform 

Wetted 

142.5195 

0.00228 

Base 

38.0958 

■ 0.15238 
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TABLE III. (Continued) 


MODEL COMPONENT: QMS Pod - M4 

GENERAL DESCRIPTION: 3 Lightweight configuration per Rockvell 

Lines VL70-000139 


Scale Model = 0.. 004 

DRAWING NUMBER 

DIMENSION : 

Length — IN. 

Mox Width — IN. 

Mox Depth — IN. 

Fineness Ratio 
Areo 

Mox Cross-Sectional 
Plonform 
Wetted 
Bose 

D of QMS Pod 
WP = 463.9 INFS; WP400 + 63.9 = 463.9 
BP = 80.0 INFS 

Length 1214.0 to 1560.0 = 346.0 INFS 

NOTE; M4 identical to M3 of 2A configuration except 
intersection to body 


VL70-000139 


FULL SCALE 


MODEL SCALE 


346.0 


1.3840 


108.0 


0.4320 


113.0 


113.0 
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TABLE III. (Continued) 


MODEL COMPONENT; WIfIG-W 107 Nev.- Ljahtveiaht Orbitor 

GENERAL DESCRIPTION Orbiter 3 conf iguraticr. lir.o.? VI.'^O -0 00 ] " r . 

NOTE; Same as WI03 except cuff, airfoi l, and angle of incidence 
Scale Model = 0.004 


TEST NO. 

DIMENSIONS; 

TOTAL DATA 

Area ffneo , ) Ft^ 

PI an form 
Span (Theo In, 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

■ Root (Theo) B. P.0.0, 

Tip, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 

B.L. of .25 MAC , 

EXPOSED DOT A ^ 

Area (Yneo ) Ft^ 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 ^ 

MAC ^ 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b *» 

r 

Tip b = 

1 

Data for (1) of (2) Sides 
Leading Edge Cuff « 

Planform Area Ft'^ 

Leading Edge Intersects Fus M, L. © Sta 
Leading Edge Intersects Wing @ Sta 


DWG. NO. VL70 

-000139 

FULL-SCALE 

MODEL SCALE 

2690.00 

0.04304 

936.68 

5.74672 

2.265 

2.265 

1 . 177 

1.177 

0 . 200 

0 .200 

3.500 

3 . 50 0 

0.500 

0.500 

+3.000 

+ 3.000 

45.000 

45.000 

-10.24 

-10.24 

35.209 . 

35.209 

689.24 

2.75696 

137.85 

0 . 55140 

474.81 

1. 8992^ 

. . 1136.89 

4,5475'^ 

299.20 

1 . 15-80 

182.13 

U • / 1' ^ 

1752.29 

0.C2S04 

TTfTTTT 

8c 27 2 

2.058 

2.055 

O'. 24 51 

0.2451 

5C2.40 

2.2456 

137. 5d 

0 . D D X 4 0 

393.03 

1.57212 

1185.31 

4.74124 

300.20 

1.20080 ■ 

251.76 

1.00704 

.10 

.10 

.12 

1 .12 


TTTTTTB 

500 

1083.4 


U . uu ib J 

t:o " •• 
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TABLE III. (Continued) 


K0D£L C0:;?0‘.::,T; Elevon E-2 3 


GENERAL DESCRIPTION: 3 configuration per W107 Rockwell lines 

VL70-000139B data f or (1) of ( 2) sides 


Scale Model = 0.004 


DRAWING NUMBER: VL70-000139B 


DIMENSIONS: FULL-SCALE 

Area •. ft^ 205 . 52 

Span (equivalent) IN. 353 . 34 

Inb'd equivalent chord 114.78 

Outb'd equivalent chord 55 . 00 

Ratio (Tfovable surface chord/ 
total surface chord 

At Inb'd equiv. chord .208 

At Outb'd equiv. chord . 400 

Sweep Back Angles, degrees 

Leading Edge 0 .00 

Tailing Edge -10 .24 

Hingeline 0 . 00 


Area Moment (Normal to hinge line)-vFT^ 1548.07 
Product of Area Moment 


MODEL SCALE 

0.003288 

1.41336 

0.45912 

0.220 


.208 


.400 


0.00 


-10.24 


0.00 

0.00010 
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TABLE III. (Continued) 


KODEL COiMPO.'iEal 


IC^L ~ V 7 <LicThtv.’‘?‘ icrht orbi*:or ccr.fjrrv.r; 


6EMERAL DESCRIPTION: Centerline v’ertical tail, double v.edr:o 

with rounded leading edce 


Scale Model = .004 


VL70-0000139 

DRAWING NUMBER: VL70-000095 


DIMENSIONS; 


FULL-SCALE MODEL SCALE 


TOTAL DATA 


Area (Theo) ~ Ft^ 
pi an form 
Span (Theo) In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 


Ai 


W. P. of .25 MAC 
B. L. of .25 MAC 
rfoil Section 


Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius ~in. 
Void Area 
Blanketed Area 


425.92 


315.72 

1.675 

0.507 

.404 


0.00682 


1.26288 

1.6V5 

Q'.5Q1 

.404 


45.000 

26.249 

41.130 


45.000 

26.249 

41.130 



1.0740 
0 .42388 
0.79924 


1463 . 50 5.8540 

635.522 2 . 542083 

0.00 0 . 00 


10.000 

14.920 

2.00 

13.17 


10 . 000 
14.920 
0.0080 
0.00021 
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TABLE III. (Continued) 


MODEL COMPONENT; R5 - Rudder 

GENERAL DESCRIPTION; 2A and 3 configuration per Rockv.-ell lines 
VL70-000095 and VL70-000139 
Scale Model = .004 


VL70-000139 

DRAWING NUMBER; VL70-000095 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area ^ Ft^ 

106.38 

0.00170 

Span (equivalent) ^ in. 

201.0 

0.8040 

Inb'd equivalent chord 

91.585 

0.36634 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

50.833 

0.20333 

At Inb'd equiv. chord 

0.400 

0.400 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 



Leading Edge 

34.83 

34.83 

Tailing Edge 

26.25 

26.25 

Hingeline 

34.83 

34 . 83 

Area Moment (Normal to hinge line) 

Ft^ 526.13 

0.00003 

Product of area and mean 

chord 
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TABLE 111. (Continued) 


MODEL COMPONENT; 

External Tank T9 

GENERAL DESCRIPTION: 

2A Configuration Per NR Lines VL78-000018 and VL72-000061B 

Body of Revolution 



Scale Model = .004 





* •*' 

DRAWING NUMBER: VL78-000018 




THEORETICAL ACTUAL MEASURED 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE MODEL SCALE 

Length 

1826.00 

7.304 

Max. Width 

324.00 

1.296 

Max. Depth 



Fineness Ratio 

6.13889 

. 6.13889 

Area 



Max. Cross-Sectional 

572.555 

0.00916 

Planform 



Wetted 



Base 

572.555 

0.00916 


REF 

FS (Orbiter) 0.00 = TANK Station 635. Q INFS 
WP (ET) * 400 - 344.413 = 55.587 INFS 
BP (Orbiter) 0.00 = 0.00 ET 


23 



TABLE III. (Continued) 


MODEL COMPONENT; BODY - External Tank T -,1 

GENERAL DESCRIPTION: Body of revolution with 1204" radius ogive nose 


DRAWING NUMBER; 



THEORETICAL ACTUAL M.EASURED 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE MODEL SCALE 

Length 

1970 

7.872 

Max. Width 

324. 

1.296 

Max. Depth 



Fineness Ratio 

6.080 


_ Area 

Max. Cross-Sectional 

572.555 

0.00916 


Planforra 

Wetted 


Base 




TABLE III, (Continued) 


MODEL COMPONENT; External Tank T15 


GENERAL DESCRIPTION: 2A Configuration Per NR Lines 

VL78-000018 and VL72-000061B ; Body of Revolution + Spike 


Scale Model = .004 


DRAWING NUMBER 

DIMENSION ; 

Length 
Max Width 
Max Depth 
Fineness Ratio 
Area 

Max Cross-Sectional 

Planform 

Wetted 

Base 

REF 


VL78-'000018 

FULL SCALE 

1826,00 

324,00 

6,13889 

572.555 


572.555 


FS (Orbiter)O.OO = TANK Station 635.0 INFS 
WP (ET) = 400 - 344,413 = 55.587 INFS 
BP (Orbiter) 0,00 = 0,00 ET 
SPIKE 

Length 360,00 

Diameter 12.00 


MODEL SCALE 

7,304 

1.296 

6.13889 

0.00916 


0.00916 


1.440 


0.048 
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TABLE III. (Concluded) 


MODEL lOMPONENT : BOOSTER SOLID ROCKET MOTOR - 512 

GENERAL DESCRIPTION: Conf iciur at : cn 3 A , Data for (1) of (2) 

sides, per Rockwell Lines VL77-000026A 



VL72-000088A 


DRAWING NUMBER: 

VL77-000036A 



DIMENSIONS: 


FULL-SCALE 

MODEL SCALE 

Length (Includes Nozzle) - IN. 

1741.0 

6.9640 

Max. Width 

(Tank Dia) - IN. 

142.3 

0.5692 

Max. Depth 

(Aft Shroud) - IN. 

192.0 

0.7680 

Fineness Ratio 

9.06771 

9.06771 


, Area - ft^ 


Max. Cross-Sectional 201.06193 0 .00322 

Planform 

Wetted 

Base 


WP 

of 

BSRM 

Centerline 

(Z,p)- IN. 

400 

1.6000 

PS 

of 

BSRM 

Nose (X ) - 

IN. 

200 

0.8000 
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FIGURE 5. PHOTOGRAPH OF TUNNEL INSTALLATION WITH EXTERNAL TANK NOSE T 











FIGURE 6. PHOTOGRAPH OF TUNNEL INSTALLATION WITH EXTERNAL TANK NOSE 
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APPENDIX 

TABULATED SOURCE DATA 


Plotted data tabulations are available 
from Data Management Services on request. 
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